An establish attempt of reasons of machining splinter formation in AC44200 alloy high pressure die castings by J. Mutwil
 
ARCHIVES  
of 
FOUNDRY ENGINEERING  
 
 
 
Published quarterly as the organ of the Foundry Commission of the Polish Academy of Sciences 
ISSN (1897-3310) 
Volume 8 
Issue 3/2008 
 
159 – 166 
 
31/3 
 
A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   8 ,   I s s u e   3 / 2 0 0 8 ,   1 5 9 - 166  159 
 
An establish attempt of reasons of machining 
splinter formation in AC44200 alloy high 
pressure die castings 
 
 
J. Mutwil* 
Department of Mechanical Engineering, University of Zielona Góra, Podgórna 50 Str., 65-246 Zielona Góra 
* Corresponding author. E-mail address: j.mutwil@iizp.uz.zgora.pl 
 
Received 21.04.2008; accepted in revised form 21.042008 
 
 
Abstract 
 
A problem of splinter formation during machining the AC44200 alloy high pressure die casting has been experimental investigated. In 
order to establish the reason of this occurrence a set of 200 high pressure die casting of the tensile strength samples have been prepared. 
The tensile tests were carried out using a Zwick Z050 universal testing machine. JM-SPC program has been used for statistical analysis  
of test results. A large variability of tensile strength results has been found.  In order to find the reason of this variability the fracture 
surface investigations (macrographs for all of samples and SEM micrographs for chosen  samples) have been carried out. It has been 
establish that in all cases a significant decrease of tensile strength was caused by presence of inclusions or porosity. In lot of cases the 
inclusions have a form of oxide film. 
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1. Introduction 
 
In Al-Si high pressure die  casting production a high number 
of rejection is due to the appearance of defects, as porosities and 
shrinkage, located in the regions that need to be machined [1]. 
Moreover,  by  threading  or  canting  of  Al-Si  high  pressure  die  
casting a lot of defects occur manifesting as machining splinter [2, 
3].  Analysis  of  defects  images  (Fig.  1)  let  suppose,  that  theirs 
form  mechanism  may  not  be  necessarily  connected  with  the 
porosity  or  dross  inclusions.  More  probably  reason  is  the 
appearance  of  the  oxide  film  inclusions,  which  can  locally 
considerably reduce the mechanical properties of casting material. 
About oxide film characteristics a lot of information have been by 
Campbell et al. published [3, 4, 5, 6, 7, 8]. The casting defects 
associated  with  oxide  film  in  aluminium  alloys  may  exhibit  a 
variety of morphologies such as  (i) tangled or network (ii) layer 
or globular oxide (iii) cloud or strip clustering particles [7]. It is 
well  know  that  inappropriate  casting  filling  favor  a  folding  of 
surface oxide film into the bulk liquid metal. It is impossible to 
prevent  of  alumina  formation  at  exposed  liquid  aluminium 
surface.  During  the  melting  process  the  tin  surface  layer  of 
alumina  protect  the  bulk  liquid  for  oxidation.  But,  in  foundry 
operations, the surface of the molten metal is always in motion 
owing  to  charging,  fluxing,  degassing,  transferring,  and  mould 
filling  [5].  The  oxide  film,  according  to  the  stage  of  foundry 
processes, in which he come into being, is divided up into to types 
[3, 4, 5, 6, 7, 8]: (i) so-called ‘old’ oxide film (arise during melt 
preparation), (ii) so-called ‘young’ oxide film (arise during filling 
process). According to Yang et al. [7] a careful melt preparation 
and  transfer  can  certainly  avoid  to  some  extent  the  defects 
connected with the old oxide film. As indicated by Campbell and 
co-workers [4, 5, 6], the young oxide film formed during short 
time (when stream is transferring via the runner system to enter 
the mould cavity) can be easily broken up and incorporated into 
the liquid aluminium owing to the surface turbulence [7].  A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   8 ,   I s s u e   3 / 2 0 0 8 ,   1 5 9 - 166  160 
     
     
Fig. 1. Examples of the machining splinter [2, 3]: a) a cover casting with marked typical places in which the machining splinter often 
appear, b) two machining splinter on the cover thread surface, c) big machining splinter on the head surface of the cover thread, d, e) 
SEM-micrograph of thread surface splinter, f) SEM-micrograph of splinter from Fig. C 
 
 
According to Yang et al. [7], the above described young oxide 
inclusions form finally different defects in the castings. Dispinar 
and Campbell [5] published that a non-wetting surface oxide film 
is  folded  over  against  itself  with  gas trapped  in between.  This 
constitutes a defect that will act exactly like a crack in the liquid 
and  is  named  by  Campbell  [9]  as  a  ‘double  oxide  film’  or  a 
‘bifilm’  [5].  Such  cracks  can  remain  suspended  in  melted 
aluminium  alloys  for  long  period  of  time  and  they  can  being 
introduced into casting bulk during filling process. Moreover, in 
the  presence  of  a  bifilm  with  its  encapsulated  film  of  air,  the 
hydrogen can diffuse in and start to expand the bifilm to form a 
pore in a solidified casting. All of them can locally considerably 
reduce the mechanical properties of casting material, which may 
be a basic reason of splinter formation by casting machining. 
In the pressure die casting process realized by manual filling 
of the shot sleeve (the melt is spooned), are unfortunately good 
conditions to  a  standing  introducing  of  the  oxide  film  into  the 
bulk of the molten alloy. Therefore, in this case there is a big 
danger, that if they frozen in casting, may are a basic reason of 
machining  splinter  formation.  Some  examples  of  machining 
splinter in AC44200 pressure die casting are presented on Fig. 1. 
A visual inspection of the defects area (quasi smooth a fracture 
surface) may suggest the oxide film inclusions as a reason of that. 
In  order  to  proof  this  thesis  a  set  of  experiments  have  been 
realized  in  which  a  tensile strength  of  the  pressure  die casting 
samples have been examined. It was assumed that sample should 
crack in a place weakened by pores or inclusions. 
 
 
2. Experimental 
 
The tensile test samples (200 pieces) have been on Toshiba 
DV-150 pressure die casting machine poured. One experimental 
casting offered two samples (Fig. 2a). In order to prepare  the 
samples for tensile test, the both of them were broken off from the 
gating  system  and  the  flow-off  have  been  also  removed.  The 
tensile  samples  (Fig.  2b)  had    following  dimensions:  d=5mm, 
measure length l=50 mm.  
 
a) 
 
b) 
 
Fig. 2. Tensile test sample: a) rough high pressure die casting with 
two samples, b) samples ready for test  
a)  b)  c) 
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The  AC44200  alloy  (Al11Si)  was  melted  at  temperature  about 
750 C  in  clay-graphite  crucible  using  a  gas  furnace  (REMIX). 
After melting the alloy was poured into ladle and transported to a 
die  casting  machine  holding  furnace.  In  the  holding  furnace 
(electrical resistance furnace) the alloy temperature was kept on 
an level about 650 C. Directly after pouring into holding furnace 
the  melt  was  cleaned  by  using  a  degas  tablets (DEGASAL  T-
200). The shot sleeve was manually poured (by using of spoon).  
The  tensile  tests  were  carried  out  on  the    Zwick  Z050 
universal testing machine by tensile velocity about 10mm/min.  
JM-SPC program [10] has been used for statistical analysis of 
variability of tensile strength results.  In order to find the reason 
of  this  variability  the  fracture  surface  investigations  (optical 
macrographs for all of samples and SEM micrographs for chosen  
samples) have been carried out. 
 
 
3. Results analysis 
 
As mentioned, the analysis of variability of tensile strength 
results are performed by using the JM-SPC program. It can be 
seen from Fig.4. that the variability of tensile strength results is by 
using  of  following  control  charts  presented:  an  average  values 
chart (coupled with an individual values chart),  an median values 
chart (coupled with a range chart). The control limit lines being 
visible  on  all  of  the  charts    are  as  so-called  three  sigma  line 
drafted  (the  quasi-normality  of  analyzed  distribution  has  been 
confirmed by quantile-quantile chart (see right hand diagram on 
Fig. 4a). The charts: Xsr, M, R are presented the run line of mean 
value for 100 sets of 2 measurements each (two test samples from 
each  of  100  cast).  The  X-chart present  the  run  line  all  of  200 
measured tensile strength. It is easy to discover that run line of 
median  value  is  equal  to  the  arithmetic  mean  one  (for  two 
elements  the  median  value  is  always  equal  to  the  arithmetic  
mean).  
From run of all the lines it can be seen the great variability of 
examined tensile strength at all. Mentioned variability have place 
between  all  running  results  (standard  deviation  for  all  results 
S=22,53 MPa) as well as between the results obtained for two 
samples  cast  in  one  cycle.  A  quantitative  analysis  of  tensile 
strength  variability  of  two  samples  obtained  by  one  cast  (two 
pieces mould cavity, see Fig. 2) is easy by examination of the R-
chart (Fig. 4b). From this chart it can be namely concluded that 
the average difference between tensile strength of two together 
cast samples  was about 20 MPa, while the  maximum one  was 
about 100 MPa. 
On Fig. 4 in upper-right region of form a results window is 
visible.  Inside  the  results  window  following  quantitative 
information are given: (Liczba próbek=200) - number of samples, 
(Wsr=238,1) – arithmetic mean, (Wsrg=236,9) – geometric mean, 
(Mediana=242,4)  –  median,  (Wmax=279,6)  –  maximum  value, 
(Wmin=154,7) – minimum value, (R=124,9) – range, (S=22,53) – 
experimental  standard  deviation,  (Ssr=1,59)  –  experimental 
standard  deviation  of  average,  (Skos=-1,09)  –  skewness, 
(Eksces=1,67)  –kurtosis,  (Pufn(99,7)=[233,3;  242,9])  –
confidence interval calculated for confidence level=99,7. 
In order to explain so great variability of the obtained tensile 
strength results the fracture images of all of broken samples have 
been examined. In many cases yet simple visual inspection allows 
to see on a fracture surface  some faultiness. It was be found that 
25 of samples broken outside the measuring region (sector). Two 
examples of such broken samples  are presented on Fig. 3. In both 
cases a great oxide film inclusions on fracture surface are visible. 
Additionally,  on  the  (b)  sample  another  inclusions  as  well  the 
porosity are present. It should be here explained that presented on 
Fig. 3. exemplary of fracture surface image is not an except but 
rather an typical one.   
 
a) 
 
 
 
b) 
 
 
Fig. 3. Example of two broken test samples and macrographs  
of their fracture surface: a) sample No 144  (244.4 MPa);  
b) sample No 156 (159.5 MPa) 
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a) 
 
b) 
 
Fig. 4. Tensile strength results analysed by using of JM-SPC software: a) variability of tensile strength in point of view of Xsr- and X-
control charts,  b)  variability of tensile strength in point of view of Med- and R-control charts A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   8 ,   I s s u e   3 / 2 0 0 8 ,   1 5 9 - 166  163 
 
Fracture macrograph,  
No of sample, Rm  
Fracture macrograph,  
No of sample, Rm  
Fracture macrograph,  
No of sample, Rm  
 
34, Rm=154. 7 MPa 
 
43, Rm=183.3  MPa 
 
78,  Rm=161,7 MPa 
 
112, Rm =185.9  MPa 
 
133, Rm=165,6 MPa 
 
190, Rm=179,9 MPa 
 
84,  Rm =276.9  MPa 
 
100, Rm=274.9  MPa 
 
118,  Rm=279.6 MPa 
Fig. 5. Fracture surface macrographs and tensile strength results, examples for samples with: the lowest tensile strength (a, b, c, d, e, f), 
the greatest tensile strength (g, h, i)  
 
 
 
 
 
 
 
a)  b)  c) 
d)  e)  f) 
g)  h)  i) A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   8 ,   I s s u e   3 / 2 0 0 8 ,   1 5 9 - 166  164 
Fracture macrograph, 
No, Rm of sample 
Fracture SEM- micrograph   Fracture SEM- micrograph (magnification of 
the region marked on the left picture   
 
 
 
52, Rm=235.8 MPa 
     
 
 
 
100, Rm=274.9 MPa 
     
 
 
 
144, Rm=244.5 MPa 
     
 
 
 
198, Rm=264.2 MPa 
     
Fig. 6. Examples of fracture surface macrographs and SEM-micrographs confirmed the oxide film presence on the fracture surface  
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Fracture macrograph,  
No of sample, Rm  
Fracture macrograph,  
No of sample, Rm  
Fracture macrograph,  
No of sample, Rm  
 
1, Rm=210. 7 MPa 
 
8, Rm=261.8  MPa 
 
40,  Rm=244.9 MPa 
 
73, Rm=217.1  MPa 
 
173, Rm=251,3 MPa 
 
175, Rm=235.6 MPa 
Fig. 7. Example of samples with large oxide film inclusions, which reduced the tensile strength in limited manner 
 
In order to get a possibility to compare the fracture surface 
images  of  samples  with  essentially  different  tensile  strength, 
with  the  help  of  data  from  Fig.  4,  a  nine  samples  have  been 
chosen. Six of them had a lowest tensile strength (samples: a, b, 
c, d, e, f on Fig. 5) and three the greatest (samples: g, h, i). Four 
samples with the lowest tensile strength (sample: a, b, e, f) had a 
large  oxide  film  inclusion  on  the  fracture  surface.  By  two 
remaining the oxide film inclusions were smaller, but they have 
been  placed  at  the  edge  region  of  the  fracture  surface.  An 
observation of the fracture surface images of samples with the 
greatest  value  of  tensile  strength  allows  to  state  that  they  are 
nearly free from any surface defects.  
The oxide film inclusions, also with large dimension, have 
not to strongly reduce the tensile strength (Fig. 7), when they are 
not parallel oriented to the fracture surface. 
On  Fig.  6  some  examples  of  the  SEM -micrographs  are 
presented,  which  confirm  the  presence  of  oxide  film  on  the 
fracture  surface.  The  first  of  mentioned  SEM -micrographs 
allows  to  see  how  the  oxide  film  is  draped  and  folded  over 
surface of dendrite. The remaining SEM-micrographs show how 
the oxide film has locale cracks caused. 
 
 
4. Conclusion 
 
The main conclusions of this work are: 
 
  the    oxide  film  inclusions  can  essentially  decrease  the 
mechanical  properties  of  AC  44200  aluminium  alloy  die 
casting, 
  the    oxide  film  inclusions  are  the  basic  reason  of  great 
variability of the tensile strength of examined alloy, 
  the  oxide film inclusions can have a large dimension, even 
about several millimeters, 
  the tensile strength of examined alloy strongly decrease the 
oxide  film  inclusions,  which  are  parallel  oriented  to  the 
fracture surface, 
  the  locale  decreasing  of  the  mechanical  properties  of  the 
high pressure die casting caused by oxide film inclusions can 
be the basic reason of the  machining splinter formation, 
  by  high  pressure  die  casting  technology,  when  the  liquid 
metal is manually poured into the shot sleeve it can be one 
of oxide film sources, 
a)  b)  c) 
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  the simplified tensile test realized on samples obtained as 
finished by cast may to be utilized for examination of 
cleanliness of liquid alloys, 
  the cleanliness of liquid alloys should be also controlled 
by  using  of  the  computer  aided  thermo-derivative 
analysis [11, 12], 
  the  JM-SPC  program  has  appeared  as  useful  for 
statistical analysis of obtained experimental data.  
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